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Abstract
This paper provides an overview of the current status of CCS in Indonesia and includes a review of the recently 
released Indonesia CCS Study Working Group report on the potential for CCS in Indonesia, collaboration between 
LEMIGAS, KLH, PT PLN, WEC, Shell and the British Embassy. The report found that there is significant potential 
for CCS in Indonesia, but also a number of barriers to overcome. This paper also considers regulations and legal 
aspects for the Indonesian government to consider for operation and long-term stewardship of CCS projects.  It also 
includes a discussion of the options available to Indonesia to fund CCS demonstration and deployment domestically, 
with consideration towards the clean development mechanism (CDM) or other financing mechanisms, development 
banks, etc. Other opportunities including EOR and utilization of CO2 are discussed as nearer term opportunities to 
deploy pilot projects.  The paper concludes with a discussion of the overall current status, awareness and support for 
CCS in Indonesia and international collaboration on CCS including the role for Indonesia.
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Potential for CCS Technology in Indonesia
Indonesia is the world’s largest archipelago state and has the fourth largest population with about 240 million 
people. Current annual GDP growth is between 5% and 6% and it is a leading coal and LNG exporter. In 2008 oil 
was the dominant energy source with approximately 48% share of the energy mix, followed by coal with about 30% 
and natural gas with about 19%. Primary Energy Consumption was approximately 0.62 TOE/Capita in 2008 and it is 
growing at about 5% per year. Given the rate of growth and likelihood of increasing emissions in a business as usual 
approach with continued reliance on fossil fuels, and increased industrialization, the role of CCS is critical.
The IEA CCS Roadmap highlighted the significance that CCS will play in achieving an atmospheric CO2
stabilization on 450ppm.  Under this scenario and based on the recent IEA Energy Technology Perspectives 2010, 
CCS is estimated to provide 18% of the total CO2 emissions reductions out to 2050. By both 2020 and 2050, the 
major developing countries, such as Indonesia, will have had to contribute significantly to this deployment. Further, 
Indonesia has a key role to play in the global deployment of CCS given its extensive fossil fuel reserves. In 
c⃝ 1 Published by Elsevier Ltd.
Energy Procedia 4 (2011) 6152–6156
www.elsevier.com/locate/procedia
doi:10.1016/j.egypro.2011.02.624
Open access under CC BY-NC-ND license.
2 Author name / Energy Procedia 00 (2010) 000–000
particular, Indonesia’s natural gas industry and mature oil fi elds may offer significant potential to pursue 
demonstration and low-cost, early opportunity CCS projects. 
Indonesian CO 2 Emissions Profile
There are multiple industry sources of CO2 in Indonesia, such as power plants, oil and gas processing plants, steel 
and ammonia plants and cement factories. CO2 sources from power and industry however is more challenging 
because Indonesia has a lot of small scattered coal plants rather than the large localised plants found elsewhere. This 
delocalisation of point sources takes away the benefits that can be gained through a pipeline network and the 
clustering of CO2 sources
Typically CO2 sources in Indonesia can be subdivided into two groups – Flue Gas and Pure CO2 Streams. Flue gas 
normally has a low CO2 concentration and low pressure and the sources are power stations, powered by coal or 
natural gas. With sources from pure CO2 streams coming from acid gas recovery from LNG plants, refineries, 
ammonia plants and natural gas processing. 
Most industrial CO2 sources are located in Jawa and Sumatera, and to a lesser extent in Kalimantan and Sulawesi
island. Total industry generated CO2 emissions in these areas including from oil and gas processing are estimated to
about 17.5 million tonnes per annum (lower case estimate).
With a current electrification ratio (64%) the growth of electricity demand in Indonesia is expected to remain strong 
in the next few decades to supply electricity particularly in remote areas. Responding to this demand growth, PLN 
(the State Owned Electricity Enterprise) issued a Ten-Year Electricity Development Plan to build several power 
plants that would be dominated by coal. Hence, in the future, coal-fuelled power generation will be the main 
contributor of CO2 emissions in Indonesia.
Storage 
There are many types of CO2 storage that are available in Indonesia. First, a saline aquifer is predicted to be 
identified in the Natuna region. However, there has been no detailed study to identify saline aquifer storage 
opportunities in Indonesia presently. The capacity and its distribution still remain in question.
A second type of CO2 is coal seams which are scattered among the islands. Indonesia has abundant coal seam 
reserves, particularly low rank coal deposits that are distributed across eleven onshore coal basins. In order to utilize 
this type of storage the adsorbed methane has to be produced. However, many of the coal seams in Indonesia are
still presently in a non-producing phase.
A long oil exploration and production history in Indonesia has left a legacy of many depleted oil and gas fields that 
could be used for potential CO2 storage. This type of storage is preferable due to well characterized reservoirs and 
existing infrastructure and may reduce exploration costs in finding new sites. However, studies in Indonesia 
acknowledge that abandoned oil and gas fields posses a higher leakage potential through existing well penetrations 
that must be mitigated properly. Most notably key areas would include South Sumatra, East Kalimantan and Natuna 
for CO2 storage. These regions are suitable due to geological stability and low population density.
Among issues that have been discussed in relation to storage in Indonesia is it’s location near volcano and 
earthquake zones which need to be considered. Although South Sumatra appears to be somewhat risky in terms of 
seismic and tectonic activity, a recent study conducted by LEMIGAS showed if those activities are present the 
distribution of earthquake hypocentres is deep (>150 km), and only very scattered.
Prospects
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Indonesia has a heavily fossil-fuels based economy, consuming coal, oil and gas produced domestically plus 
imported petroleum. As one of the leading international coal exporter and a substantial LNG exporter with a 
growing domestic consumer of its indigenous coal and fossil fuels, and confronted by increasing CO2 emissions 
from its oil and gas and power sectors, Indonesia has significant potential for the deployment of large scale low-
carbon technology in the long-term. Moreover, The Government of Indonesia has been increasingly vocal with 
concerns about climate change and its impacts on the developing world. The Government has pledged to achieve a 
non-binding commitment to reduce country emissions by 26% in 2020 and has stated that this target would increase 
to 41% if international financing is available.
Current government efforts including energy mix improvements, the switch to less-carbon intensive fuels and 
renewable resources deployment are considered still insufficient to achieve CO2 emissions abatement targets for
2020. Considering the challenge, large scale low carbon technologies need to be integrated into the national energy 
path to meet these targets. Therefore, it is imperative for Indonesia to investigate options for CCS.
Indonesia is in a good position to play an active role in CCS with both potential for capture of CO2 sources and CO2
storage capacity. As Indonesia speeds up industrialization and increases its generating capacity, it will acquire an 
opportunity to deploy CCS and avoid higher retrofit costs down the line. 
In particular, Indonesia’s natural gas industry may offer significant potential in the way of low-cost, early 
opportunity CCS. CCS technologies can capture the CO2 for storage in depleted oil and gas reservoirs that may be 
used for EOR and EGR projects and in saline formations, to meet economic development and energy security 
objectives.
CO2 storage in conjunction with EOR may be considered as an initial step in Indonesia due to an abundance of 
mature oil fields and national policies to increase national oil production to compensate for oil decline over the past 
decade. This initial step may provide multiple benefits of contributing to CO2 emissions reductions, improving 
energy security, and building experience in CCS operations. It also has the significant benefit of not relying on a 
price for CO2 but rather relying on market the oil market.
Some natural gas reserves in Indonesia, as elsewhere in South-East Asia, have a high proportion of CO2.  CO2, at 
these concentrations, has to be removed from the gas stream before going to market, and stored. Such projects 
would be similar in nature to existing projects in Sleipner, Snohvit and In Salah. This is particularly the case for the 
giant Natuna gas fi eld which has in the region of 70% CO2. It is unlikely this fi eld will be able to be developed 
without deploying CCS to deal with the resulting emissions. Current thinking in Indonesia is to make use of the 
captured CO2 for enhanced gas recovery (EGR) of the Natuna gas reserves or to be injected into saline aquifers 
beneath the gas reservoirs.
Despite a low level of public awareness of CCS in Indonesia compared to a developed country, over the past few 
years, oil and gas industry practitioners have developed a good and growing understanding of CCS. Through 
programs such as the Indonesia CCS Working Group that is comprised of Ministry of Mineral Resources, Ministry 
of Environment, PT PLN, World Energy Council, Shell and British Embassy, who have been actively disseminating 
CCS information with joint workshop and publications.  In the future, more work will also need to be undertaken to 
engage stakeholders and build public awareness especially with local communities.
Technology Demonstration and Research
Interest in CCS in Indonesia crosses a number of government areas. The Ministry of Energy and Mineral Resources 
and the Environmental Ministry have actively contributed to the most recent study and findings about CCS as well.
The Indonesian R&D centre for oil and gas technology (LEMIGAS) who used to be involved in subsurface 
technology is well aware of the need of comprehensive research into CCS. Therefore, they have issued short -term 
R&D plans on CCS that not only focuses on technical aspects but also non-technical aspects such as regulatory 
6154 D. Best et al. / Energy Procedia 4 (2011) 6152–6156
4 Author name / Energy Procedia 00 (2010) 000–000
development. Moreover, the private sector including multinational oil companies are beginning to look at the 
potential of CCS in Indonesia by engaging with LEMIGAS to conduct CCS research projects.
Interest in CCS in Indonesia has been growing over recent years with several studies conducted by LEMIGAS in 
early 2003 until 2005 examining the potential of CO2-EOR in conjunction with CO2 storage in East Kalimantan and 
South Sumatra. Lemigas is also collaborating with a number of international partners to look at related issues 
including partnerships with:
! Mitsubishi and Sojitz-Japan (2005) 
! Total (2007) and Shell (2009)
! Founding member of the GCCSI (2009) 
! Joint study with the UK Government (2009) 
! MoU with METI (Japan CCS Corp.) and KIGAM (2010)
Legal and Regulatory
A key barrier to CCS in Indonesia as in other countries is lack of regulation in place for CCS operations that will be 
required to give the confidence to investors and project developers in Indonesia and to give the public confidence in 
the safety and security of the operations. This is particularly the case for larger scale commercial deployment. It is 
acknowledged by the Indonesian government that there is a need for a long-term policy framework but there is also 
a need for financial incentives.
At the moment, Indonesia does not have the legal and regulatory framework to fully enable deployment of CCS.  
However, there may be existing regulation such as one environmental regulation under review that may be adapted 
and tailored to suit CCS which focuses on the utilization of the subsurface for waste storage. This Ministry
Regulation No.13 year 2007, sets out requirements and procedures for waste water treatment in upstream oil and gas 
and geothermal activities using injection methods into the subsurface. It is currently considered in Indonesia the
most suitable regulation to CCS particularly on storage aspects. The substances cover whole subsurface elements 
e.g. containment, migration, among other aspects. This regulation can provide an early base line for development of
CCS legal and regulatory framework in Indonesia.
Financing
The cost of deploying CCS in Indonesia varies from the very low early opportunity projects in natural gas extraction 
and processing, up to more expensive projects in power and industry. There are numerous natural gas operations 
with high CO2 content and which are similar to Sleipner in the North Sea with CO2 avoided costs in the region of 
$15-20 per tonne. There is some potential for CCS to be funded through other methods such as through the clean 
development mechanism (CDM), EOR, and other options.
Funds transfer into developing countries and mechanisms like the CDM, in conjunction with binding targets in 
developed countries, may be considered as the primary means to see CCS deployment and effective climate change 
strategies in Indonesia.  
Cost recovery may also be considered  as an option for demonstration with an expectation from industry that funds 
used for these early demonstration projects may be reimbursed. If cost recovery was not possible, the Indonesian 
Climate Change Trust Fund may be considered an alternative funding option if it is able to be used for CCS and 
EOR.  
Innovative funding models may be an option, such as used in the CO2CRC Otway project which was collaboratively 
funded by governments and industries including oil, gas and coal. This means that all the financial members share in 
the results and knowledge generated by the project but they also share in the financial risk. This could be a model 
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that Indonesia may consider engaging international companies in Indonesia to contribute and collaborate in a pilot 
project. Placing a levy on fossil fuel production on oil companies operating in Indonesia has been practiced in 
Australia as well and also provides some indication of related policies that may be implemented in Indonesia.
The Future of CCS in Indonesia
Indonesia’s position towards CCS funding is similar to most developing countries. CCS may still be seen as too 
expensive for Indonesia, with reluctance to assume responsibility for funding it alone considering their low CO2  
emissions per capita. Indonesia’s expressed priority is enhancing and sustaining energy security and providing 
affordable energy to the population. Consequently, without international financial support, Indonesia may only be 
interested in CCS if it contributes to energy provision or energy security objectives.
Learning by doing is a key way of progressing CCS in Indonesia. This would primarily involve the development of 
a pilot project in the country. Indonesia has also expressed interest in working with international governments and 
organisations to work on the deployment of CCS in Indonesia.  There are a number of organizations working in this 
area, but each developing country will have a unique set of issues so any international collaboration with Indonesia 
needs to understand the specific Indonesian position and context for potential CCS demonstration.
The idea of using a pilot or demonstration project to push forward CCS priorities and groundwork for deployment 
including public acceptance, regulatory development and capacity building has been identified as an area that both 
industry and other government representatives could agree on as a useful step. Engaging government and industry 
stakeholders on these projects would also help to drive further action and inform decision-making from both 
government and industry leadership.
In summary, it is clear that there is significant potential for CCS deployment in Indonesia, in particular with 
consideration of an initial step with CO2 storage in conjunction with EOR. Such a project may be implemented in 
South Sumatra and East Kalimantan and in association with natural gas production, for example at the Natuna field. 
To allow this potential to be realised, however, Indonesia has expressed that a local demonstration project with 
funding from international parties and the development of domestic CCS regulation is crucial. Coupled with these 
tangible steps, integration and cooperation needs to be strengthened in the area of international CCS activities to 
promote knowledge sharing and capacity building between Indonesia and foreign governments and institutions.
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